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(57) Abstract : 

PROBLEM TO BE SOLVED: To compensate mutual 
disadvantages like that the attenuation amount of 
signals is large in a leakage coaxial system and the 


_ „, service area of a blind section can not be widened 

in an optical transmission system. 
SOLUTION: A ground repeater station 12 is installed 


inside the service area of a vehicular 
communication base station 11 and high frequency 
electric signals received by a reception antenna 13 
are amplified 14 and converted into optical signals 
by an analog optical modulator 15. A blind place repeater station 17 is installed 
inside a tunnel 113 and the optical signals are transmitted by an optical fiber 16. 
The transmitted optical signals are converted to the high frequency electric signals 
in an analog optical demodulator 18 and amplified 19. A leakage coaxial cable 110 
laid inside the tunnel is connected to the blind place repeater station 17 and thus, 
radio connection with mobile stations 111 and 112 is performed. 


JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 


1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1]A relay amplification system for performing bidirectional radio of a mobile 
station which exists in a shadow section at which an electric wave of said mobile 
communication base station cannot arrive easily, and said mobile communication base 
station, being in a service area of a mobile communication base station characterized 
by comprising the following. 

A ground relay station which is installed in a good point of a state of an electric 
wave from said mobile communication base station, and performs wireless connection 
with said mobile communication base station and which has an antenna, a sending and 
receiving amplifier, and analog light modulator and demodulator. 

1 which has analog light modulator and demodulator connected in an optical fiber 
transmission line which transmits a lightwave signal by which was installed in said 
shadow section and the analog light strange recovery was carried out with said ground 
relay station, and a sending and receiving amplifier, or two or more shadow-section 
relay stations. 

A disclosure coaxial track for being connected to this shadow-section relay station, 
and performing wireless connection between this shadow-section relay station and a 
mobile station which exists in a shadow section. 

[Claim 2]A relay amplification system for performing radio of an one way from said 
mobile communication base station to a mobile station which exists in a shadow section 
at which an electric wave of said mobile communication base station cannot arrive 
easily, being in a service area of a mobile communication base station characterized 
by comprising the following. 

A ground relay station which is installed in a good point of a state of an electric 
wave from said mobile communication base station, and performs wireless connection 
with said mobile communication base station and which has an antenna, a head amplifier, 
and an analog optical modulator. 

1 which has analog light demodulator connected in an optical fiber transmission line 
which transmits a lightwave signal by which was installed in said shadow section and 
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analog light modulation was carried out to said ground relay station, and a 
transmission amplifier, or two or more shadow-section relay stations. 
A disclosure coaxial track for being connected to this shadow-section relay station, 
and performing wireless connection of a between [ this shadow-section relay station 
and mobile stations which exist in a shadow section ]. 

[Claim 3]An optical fiber transmission line which connects two or more said 
shadow-section relay stations and a ground relay station, The relay amplification 
system for mobile communications according to claim 1 or 2 being a star type optical 
transmission line which branches by an one-pair multi-light star coupler to each 
shadow-section relay station which carried out distributed installation into a shadow 
section. 

[Claim 4]An optical fiber transmission line which connects two or more said 
shadow-section relay stations and a ground relay station, The relay amplification 
system for mobile communications according to claim 1 or 2 being a single fiber 
multi-branch-type optical transmission line which performs light branching and 
unification with 1 to 2 light branching and a unification machine in a shadow section 
near the setting position of each shadow-section relay station which carried out 
distributed installation. 

[Claim 5]An optical fiber transmission line which connects two or more said 
shadow-section relay stations and a ground relay station, The relay amplification 
system for mobile communications according to claim 1 or 2 being the combination of 
a star type optical transmission line by an one-pair multi-light star coupler, and 
a single fiber multi-branch-type optical transmission line with 1 to 2 light branching 
and a unification machine. 

[Claim 6]The relay amplification system for mobile communications according to claim 

1, wherein a mobile communication base station is a wireless base station. 
[Claim 7]The relay amplification system for mobile communications according to claim 

2, wherein a mobile communication base station is a radio calling base station. 
[Claim 8]It is a relay amplification system for performing bidirectional radio of 


a mobile station which exists in a shadow section at which an electric wave of said 
mobile communication base station cannot arrive easily, and said mobile communication 
base station, being in a service area of a mobile communication base station, A ground 
relay station which is installed in a good point of a state of an electric wave from 
said mobile communication base station, and performs wireless connection with said 
mobile communication base station and which has an antenna, an antenna shared device, 
a sending and receiving amplifier, and analog light modulator and demodulator, Analog 
light modulator and demodulator connected in an optical fiber transmission line which 
transmits a lightwave signal by which was installed in said shadow section and the 
analog light strange recovery was carried out with said ground relay station, A relay 
amplification system for mobile communications characterized by consisting of a 
disclosure coaxial track for performing wireless connection between this 
shadow-section relay station and a mobile station which exists in a shadow section 
by being connected to 1 which has a sending and receiving amplifier and a disclosure 
coaxial track common machine or two or more shadow-section relay stations, and this 
shadow-section relay station. 


[Translation done. ] 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the relay amplification system for 
mobile communications. 

It is related with the relay amplification system for mobile communications which 
enables reservation of the radio between the mobile station and mobile communication 
base station which exist in the shadow section at which the electric wave used for 
mobile communications cannot arrive easily. 

[0002] 

[Description of the Prior Art] In the car telephone, the portable telephone system, 
and the radio calling system, wireless connection of between mobile communication 
base stations is carried out, and the mobile communication base station is connected 
to the line network of a higher rank. If an automobile cellular phone is made into 
an example, in this mobile communication base station, cover area has a several to 
about about ten-km area from a viewpoint of improvement in frequency utilization 
efficiency. In order to secure a larger service area, this mobile communication base 
station is made into one unit, and the cellular communication system arranged like 
a cell is used. [ many ] Although a large area is covered and good radio can be performed 
in the outdoor ground in such a system, Even if it is in the cover area of a mobile 
communication base station, since an electric wave cannot reach easily, unless it 
lectures on a certain auxiliary means, radio with the mobile station which exists 
in these cannot be performed on a tunnel, an underground center, and a building 
basement. The equipment called a relay booster is used as this auxiliary means. 
[0003]Now, a relay booster is roughly divided and has two kinds, a disclosure coaxial 
cable system and an optical transmission system. The system outline of a disclosure 
coaxial cable system is shown in drawing 6 . Here, it limits only to the transmission 
direction which makes application to a tunnel an example, and goes to the tunnel 
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internal transmigration office of a shadow section from a mobile communication base 
station since it is easy, and explains. It reradiates as an electric wave and 
communication with the mobile station 63 is secured from the leakage coaxial cables 
66 which caught the electric wave from the mobile communication base station 65 with 
the antenna 61 installed in the good point of the radio wave state outside a tunnel, 
amplified the electric wave with the amplifier 62, and were installed in the tunnel. 
[0004] Although it is a system for which it is suitable like the tunnel 67 in this 
system when the service area needed in a shadow section is on a line, the magnitude 
of attenuation is large. That is, generally, by a leakage-coaxial-cables system, 
although between the amplifiers 62 is connected with the antenna 61 with the coaxial 
cable 64, when the distance of the antenna 61 and the amplifier 62 separates in this 
case, attenuation of the coaxial cable 64 poses a problem. Especially frequency 
assigned to mobile communications in recent years is high-frequency-ized. 
For example, with a digital cellular phone, 1. 9 GHz bands are increasingly used with 
1.5 GHz bands and a simple cellular phone (PHS) . 

thus — high frequency — the magnitude of attenuation of the coaxial cable 64 — 
further — — it hears — it becomes. When introducing such a situation into 

the underground center of a big city, for example, the antenna 61 is installed in 
the building roof and a case so that it is necessary to take about the coaxial cable 
64 from there to underground corresponds. In order to avoid attenuation of the 
above-mentioned coaxial cable 64, the coaxial cable of a large caliber must be used, 
and a problem arises in the ease of laying work. The leakage coaxial cables itself 
have the ease of laying work as a problem. 

[0005]There is JP, H7-63157, B as a well-known example about this disclosure coaxial 
cable system. This is used for radio service of train radio, radio calling, etc. 
[0006]0n the other hand, the system outline of an optical transmission system is shown 
in drawirig 7. With the analog optical modulator 72, the electric wave caught with 
the antenna 71 is changed into a lightwave signal, and this system transmits it by 
the optical fiber 73. It is a system which changes this into an electrical signal 
from a lightwave signal by the analog light demodulator 74, is amplified with the 
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amplifier 79, and is reradiated to a shadow section with the reradiation antenna 75. 
Since the electric wave range of access of the reradiation antenna 75 of the blind 
zone relay station 76 becomes comparatively narrow from restriction of the high 
frequency output by a statute etc. , etc. in this system in many cases, Two or more 
blind zone relay stations 76 are installed, and the optical power of the ground relay 
station 77 is distributed by one-pair Oshi' s optical star coupler 78 to these in many 
cases. 

[0007] In this system, it is thin and flexible, and since the magnitude of attenuation 
per 1 km of transmission distance uses the optical fiber 73 as low-loss as 0.5 dB 
or less as a transmission line, while the fault of disclosure coaxial cable systems, 
such as transmission distance and laying work ease, is conquerable, it also has a 
fault which is described below. That is, since the electric wave from the blind zone 
relay station 76 is emitted to spot form, in order to secure the service area on a 
line like a tunnel and an underground passage, the direction of a disclosure coaxial 
cable system may be suitable. Since the demand characteristics of the semiconductor 
laser used as a light source and modulator of the analog optical modulator 72 in order 
to secure the quality of the electric wave reradiated in order to use an analog optical 
transmission system as an optical transmission system are severe, a consequential 
very expensive semiconductor laser must be used. 

[0008]as the well-known example about an optical transmission system — Suganuma 
others — there are a :"tunnel booster for 1. 5-GHz digital mobile communications" 
NTT DoCoMo technical journal, vol.2, and No. 2 (1994). 
[0009] 

[Problem to be solved by the invention]As mentioned above, by the disclosure coaxial 
cable system, the length of the coaxial cable from a ground antenna to underground 
becomes long, the magnitude of attenuation increases, and if a large caliber coaxial 
cable is used, there is a fault for which laying work becomes less easy. In an optical 
transmission system, there is a fault in which an electric wave is emitted to spot 
form. 

[0010]The purpose of this invention is in offer of the relay amplification system 
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for mobile communications with which the fault of said two systems is mutually 

suppl iable. 

[0011] 

[Means for solving problem]The ground relay station which has the antenna and sending 
and receiving amplifier which the aforementioned purpose is installed in the good 
point of the state of the electric wave from a mobile communication base station, 
and perform wireless connection with said mobile communication base station, and 
analog light modulator and demodulator, 1 which has the analog light modulator and 
demodulator connected in the optical fiber transmission line which transmits the 
lightwave signal by which was installed in the shadow section and the analog light 
strange recovery was carried out with said ground relay station, and a sending and 
receiving amplifier, or two or more shadow-section relay stations, It is connected 
to this shadow-section relay station, and is attained by the relay amplification 
system for mobile communications which realizes bidirectional transmission which 
consists of a disclosure coaxial track which performs wireless connection between 
this shadow-section relay station and the mobile station which exists in a shadow 
section. 

[0012]A ground relay station which has an antenna and a head amplifier which the 
aforementioned purpose is installed in a good point of a state of an electric wave 
from a mobile communication base station, and perform wireless connection with said 
mobile communication base station, and an analog optical modulator, 1 which has analog 
light demodulator connected in an optical fiber transmission line which transmits 
a lightwave signal by which was installed in a shadow section and analog light 
modulation was carried out to said ground relay station, and a transmission amplifier, 
or two or more shadow-section relay stations, It is connected to this shadow-section 
relay station, and is attained by relay amplification system for mobile 
communications which realizes simplex transmission which consists of a disclosure 
coaxial track which performs wireless connection between this shadow-section relay 
station and a mobile station which exists in a shadow section. 

[0013] According to the aforementioned means, in the case of simplex transmission, 
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reception of an electric wave without a loss is performed by ground relay station 
installed in a good point of a radio wave state from a mobile communication base 
station. A high frequency electric signal received by antenna is amplified with an 
amplifier, and is modulated by lightwave signal with an analog optical modulator. 
An acquired lightwave signal is transmitted to a shadow-section relay station without 
attenuation by an optical fiber. A shadow-section relay station restores to a 
transmitted lightwave signal to a high frequency electric signal by analog light 
demodulator, and sends it out to a disclosure coaxial track which was amplified with 
an amplifier and constructed to a shadow section, and wireless connection with a 
mobile station of an area along the track is realized. 

[0014]When performing bidirectional transmission between a mobile communication base 
station and a mobile station, in addition to the aforementioned simplex transmission, 
an electric wave taken out from a mobile station of a shadow section is received in 
a disclosure coaxial track, a received high frequency electric signal is amplified 
in a shadow-section relay station, and it becomes irregular to a lightwave signal 
with an analog optical modulator. The lightwave signal is transmitted to a ground 
relay station by an optical fiber, and it restores to it to a high frequency electric 
signal by analog light demodulator of a ground relay station. After a high frequency 
electric signal to which it restored is amplified with an amplifier, with an antenna, 
wireless connection of it is carried out to a mobile communication base station, and, 
thereby, bidirectional transmission realizes it. 
[0015] 

[Mode for carrying out the invention]With reference to Drawings, an embodiment of 
this invention is described below. Drawing 1 is an explanatory view showing 
fundamental composition of this invention. In this explanatory view, inside of the 
tunnel 113 is assumed as a shadow section which exists in a service area of the mobile 
communication base station 11. The ground relay station 12 is installed in a good 
point of a radio wave state outside a tunnel, and changes an electric wave from the 
mobile communication base station 11 into a high frequency electric signal with the 
receiving antenna 13. The electrical signal is amplified to electric power which was 
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suitable for analog light modulation with the amplifier 14, and it is changed into 
an analog lightwave signal with the analog optical modulator 15. 

[0016]Generally as a modulation method of analog light modulation, the intensity 
modulation system of a semiconductor laser is used directly. Usually, the subcarrier 
multiplex analog optical transmission system which has discharged two or more 
electric waves from which frequency differs, bundles this up, and performs analog 
light modulation is used for the electric wave which a mobile communication base 
station discharges. 

[0017]After transmitting the lightwave signal acquired by this analog light 
demodulator 15 by the optical fiber 16, changing into a high frequency electric signal 
by the analog light demodulator 18 in the blind zone relay station 17 and amplifying 
with the retransmission-of-message amplifier 19, it sends out to the leakage coaxial 
cables 110, and wireless connection with the mobile station 111 and 112 grades is 
realized. This example shows transmission of the one way from a mobile communication 
base station to a mobile station. 

[0018]The example of the system configuration in the case of performing bidirectional 
transmission between the mobile communication base station 200 and the mobile 
stations 213,214, such as a cellular phone, is shown in draw in g 2 . The ground relay 
station 201 comprises the transmitting antennas 21, the received high frequency 
signal amplifier 22, the analog optical modulator 23, the analog light demodulator 
24, the transmission amplifier 25 for a mobile communication base station, and the 
antenna shared device 26. As for the analog optical modulator 23 of the ground relay 
station 201, the analog light demodulator 24 of the ground relay station 201 is 
connected with the analog light demodulator 28 of the blind zone relay station 202 
by the optical fiber 29 by the optical fiber 27 again the analog optical modulator 
210 of the blind zone relay station 202, and mutual. 

[0019]The amplifier 212 which sends out a high frequency electric signal which 
recovered the blind zone relay station 202 from a lightwave signal by the analog light 
demodulator 28 besides the analog light demodulator 28 and the analog optical 
modulator 210 to the leakage coaxial cables 211, It consists of the common machine 


215 for using for transceiver coincidence the mobile station 213 transmitted by the 
leakage coaxial cables 211, the amplifier 216 which amplifies a high frequency 
electric signal from 214 grades, and is sent out to the analog optical modulator 210, 
and the leakage coaxial cables 211. 

[0020]The above two examples express an underlying concept of this invention, and 
show only the minimum element required to explain fundamental composition which 
constitutes this invention. For example, in order to avoid radiation to a shadow 
section of an electric wave besides the purpose caught with an antenna of a ground 
relay station, it cannot be overemphasized that a band-pass filter etc. may be 
inserted if needed. 

[002 1] Bo low, drawing 3 oxp 1 a i ns construction of a system in case two or more blind 
zone relay stations exist. Drawing 3 is the simplex transmission type described by 
drawing 1 , in order to avoid compl icatedness, and when two or more blind zone relay 
stations exist, it is limited and explained. 

[0022] drawing 3 is an example in a case of installing leakage coaxial cables in the 
four directions from a crossing bearing in mind a case where an underground center 
intersects cross shape — the four leakage coaxial cables 301, 302, 303, and 304 — 
it is alike, respectively and the blind zone relay stations 31, 32, 33, and 34 are 
connected. In order for what is necessary to be just to distribute an electric wave 
which a mobile communication base station emits to each blind zone relay station in 
the case of a relay amplification system, it is the composition which distributes 
optical power from the ground relay station 35 by the 1 to 4 light star coupler 36. 
This is an effective constitution method, when a shadow section spreads in surface 
state to some extent. It cannot be overemphasized that a distribution number of the 
optical star coupler 36 should respond to the number of blind zone relay stations 
needed. 

[0023] Linear service areas, such as a very long tunnel, are required for drawi_ng_4, 
and one leakage coaxial cables show an example carried out bearing in mind a case 
so that an area cannot be covered by attenuation. The one optical fiber 49 is 
constructed from the ground relay station 41, and a single fiber multi-branch-type 
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optical transmission line which branches a lightwave signal by the light branching 
machines 42 and 43 and 44 grades in that neighborhood to two or more blind zone relay 
stations 45 and 46 which carried out distributed installation, and 47 grades 
constitutes a system from this optical fiber. About the setting method of a light 
branching ratio of a light branching machine for using a single fiber 
multi-branch-type optical transmission line as transmission-line composition of 
analog optical fiber transmission for mobile communications, etc., For example, 
Tarusawa Other "single fiber multi-branch-type fiber link for mobile communications 
which applied automatic wavelength offset control", It gets down with an upstream, 
and one optical fiber is used for a single fiber multi-beam branch fiber link for 
a circuit, respectively, and it carries out subordinate connection of the base station 
(blind zone relay station) as explained to Proceedings of Workshop of the Institute 
of Electronics, Information and Communication Engineers RCS94-70 (September, 1994). 
It gets down, and a circuit gets down, changes a signal into a light intensity 
transform signal using a laser diode (LD) , and transmits it by an optical fiber for 
going down. Each blind zone relay station is an optical coupler, and it branches, 
and gets down that it is also at a faute diode (PD) from this 
optical-intensity-modulation signal, and it restores to it to a signal. 
[0024]An upstream is each blind zone relay station, changes a radio signal into an 
optical-intensity-modulation signal by LD, and combines this lightwave signal with 
the optical fiber for going up with an optical coupler. The signal on the optical 
fiber for this going up turns into a composite signal of the 
optical-intensity-modulation signal from each blind zone relay station, and carries 
out the package recovery of this signal by PD by the side of a control station (ground 
relay station). 

[0025] It gets down, and in order that the characteristic of a circuit may make equal 
the radio signal level to which it restored by PD of each blind zone relay station, 
it is determined that the coupling coefficient of the optical coupler of each blind 
zone relay station will make PD euphotic level equal. If the loss of an optical fiber 
is made into K L , in order to make equal euphotic level P r in each blind zone relay 
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station, coupling coefficient Kj of the optical coupler of the i-th blind zone relay 

station is set to several 1. 

[0026] 

[Mathematical formula 1] 

CRD 

2 K[ + 2 

i = I 

[0027] However, i is three or more. Coupling coefficient K N of the optical coupler 

nearest to a ground relay station is set to several 2. 

[0028] 

[Mathematical formula 2] 

CR2) 


2 k£ + 2 

i = l 

[0029] If the luminescence level of ground relay station LD is made into P s , euphotic 

level P r in a blind zone relay station will be set to several 3. 

[0030] 

[Mathematical formula 3] 

CR3] 


N-2 

2 K[ + 2 


[0031]The euphotic level by the side of a ground relay station gets down, and the 
coupling coefficient of the optical coupler in an upstream can design it like a circuit. 
[0032]Dia» ' l ; 1 In t tmple which constituted the composition of the opt ical f iber 
transmission line combining the star type by an optical star coupler, and single fiber 
many branch-types with a light branching machine. The optical star coupler 52 
distributes the optical power of the ground relay station 51 to the optical fiber 
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53, a lightwave signal is branched with the light branching machine 54 in each optical 
fiber, a lightwave signal is transmitted to the blind zone relay station 55, and an 
electric wave is emitted from the leakage coaxial cables 56. 

[0033]The lightwave signal from each blind zone relay station is joined, and an 
optical unification machine is used for transmitting to one optical fiber. 
[0034] 

[Effect of the Invent ion] According to this invention, there is little attenuation 
of a signal without ** about the mutual fault of a disclosure coaxial cable system 
and an optical transmission system, and the relay amplification system for mobile 
communications which can extend the service area of a shadow section easily can be 
provided. 
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DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

a [Jit is a system configuration figure of the simplex transmission of one 
embodiment of this invention. 
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" , 2] It is a system configuration figure of the bidirectional transmission of 
other embodiments of this invention. 

r ij: i ! :i ,. 1 1 1 j s the block diagram using the star type transmission line as an optical 
transmission line of other embodiments of this invention. 

[Drawing 4] It is the block diagram using the single fiber multi-branch-type optical 
transmission line as an optical transmission line of other embodiments of this 
invent ion. 

[Drawing 5] It is a block diagram using the optical transmission line which combined 
a star type and single fiber many branch-types as an optical transmission line of 
other embodiments of this invention. 

[Printing 6jlt is a key map of the disclosure coaxial cable system of conventional 
technology. 

JJJT£i^_j_!i_._ij_ h is a key map of the optical transmission system of conventional 
technology. 

[Explanations of letters or numerals] 

11 — A mobile communication base station, 12 — A ground relay station, 13 — 
Receiving antenna, 14 [ — Blind zone relay station, ] — An amplifier, 15 — An analog 
optical modulator, 16 — An optical fiber, 17 18 — Analog light demodulator, 19 — 
An amplifier, 110 — Leakage coaxial cables, 111, 112 — A mobile station, 113 — A 
tunnel, 200 — Mobile communication base station, 201 — A ground relay station, 21 

— An antenna, 22, 25,212,216 — Amplifier, 23,210 — An analog optical modulator, 
24, 28 — Analog light demodulator, 26, 215 — A common machine, 211 — Leakage coaxial 
cables, 213,214 — Mobile station, 31, 32, 33, 34 — A blind zone relay station, 
301, 302, 303, 304 — Leakage coaxial cables, 35 [ — Ground relay station, ] — A ground 
relay station, 36 — An optical star coupler, 37 — An optical fiber, 41 42, 43, 44 
[ — An optical fiber, 51 / — A ground relay station 52 / — An optical star coupler 
53 / — An optical fiber, 54 / — A light branching machine 55 / — A blind zone relay 
station 56 / — Leakage coaxial cables. ] — A light branching machine, 45, 46, 47 

— A blind zone relay station, 48 — Leakage coaxial cables, 49 
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(5 /Abstract: . 

PROBLEM TO BE SOLVED: To compensate mutual 
•disadvantages like that the attenuation amount of signals is large 
in a leakage coaxial system and the service area of a blind 
section can not be widened in an optical transmission system. 
yC'f /ir ^* SOLUTION: A ground repeater station 12 is installed inside the 

NV ^,<c area of a vehicular communication base station 1 1 and 

high frequency electric signals received by a reception antenna 
13 are amplified 14 and converted into optical signals by an 
analog optical modulator 15, A blind place repeater station 17 is 
installed inside a tunnel 1 13 and the optical signals ere 
transmitted by an optical fiber 1 8. The transmitted optical 
signals are converted to the high frequency electric signals in an 
analog optical demodulator 18 and amplified 19. A leakage 
coaxial cable 1 10 Said Inside the tunnel is connected to the blind 
place repeater station 17 and thus, radio connection with mobile stations 1 1 1 and 112 is performed. 
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